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FOREWORD

The research reported herein was supported by the Air Force
Rocket Propulsion Laboratory, Research and Technology Division,
Edwerds Air Force Base, California, Air Force Systems Command,
United States Air Force, under Contract AFO4(611)10809, 1 ro-
ject Number 3148, BPSN 623148, Program Structure Number 750 G,
with Ralph Fargnoli, 2nd/Lt/USAF, BPCL, serving as Proje.t!
Monitor. This quarterly technical progress report was prepared
under Rocketdyne G.0. 8728 in compliance with Part I, Paragraph
B, and Line Item 6 of DD Form 1423, and IL-STD-847 (VISAF).

The work described covers the period 1 April 1966 through

30 June 1966. The Responsible Scientist for this program is

Dr. Hubert E. Dubb of the Analytical Chemistry Group, headed

by Dr. B. L. Tuffly. The work was carried ouit by members of

the Composition Research Unit supervised by Dr. V. H. Dayan,

the Synthetic Chemistry Group headed by Dr. E. A. Lawton, and
the Propellant Engineering Group, headed by Dr. J. J. Kalvinskas.

The follcwing personnel were the principal contributors to the
report: J. Gerhauser, A. D. Lev, H. H. Rogers, R. Rushworth,

D, ¢, Sheehan, and R. D, Wilson.

This report has been assigned the Rocketdyne report No. R-6354-3
Publication of this report does not constitute Air Force
approval of the report's findings or conclusions. It is

pubiished only for the exchange and stimulation of ideas.

GEORGE F. BABITS, Lt. Colonel, USAF
Chief, Propellant Division
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ABSTRACT

This program is concera»d vith evaluating & new s.orable
liquid oxidize~ INTO, which is nitrogen tetroxide (NTO)
inhibited with FN02.

Corrosion tests of steel and aluminum alloys are being con-
ducted in wet NTO, dry NTO, and dry NTO + HF. The tests are
being conducted at ambient temperature for 30 days and for
20 months, and at 70 C for 30 days. The results of the 30-
day ambient temperature test is reported herein. A definite
passivation layer was noted both visually and by weight
change on the aluminum samples exposed to INTO made from dry
NTO.

Storability tests of INTO in stainless-steel, aluminum, and
nickel containers at 70 C have now been in progress for 4
months with no apparent change in the composition of the

propellants.

INTO has been pfepared by bubbling F2 through liquid-

propellant-grade NTO at ambient temperature. The reaction

pruoceeded smoothly and no difficulties are anticipated in

scaling up the operation.

The conductivities of INTO prepared from wet and dry NTO
have been measured. They were found to be 3.4 and 4.0 x 10'll
obm ! cal. It is not anticipated that INTO will present

more galvanic corrosion problems than does NTO.

Measurements of the vapor pressures and freezing pointa of

INTO solutions have been initiated.
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INTRODUCT ION

The use of nitrogen tetroxide {NTO), the most widely used storable liquid
oxidizer in the United States, has beer continually hampered by corrosion
precblema. Dry NTO is not a highly corrosive liquid when in corcact v.ith
most common metals of construction, but moist NTO is extremely corrosive
because of the formation of pitric and nitrous acide by the reaction of
NTO with water.

It has previously been shown (Ref. 1 end 2) that the adliiion of & fluorine
oxidizer to NTO leads to 8 reduction of the nitric and nitrous acid con-
tent of the propellant with the concurrent production of HF., It has also
been shown (Bef. 2) that if the rluorine oxidizer is FNO,, the resulting
oxidizer system is storable at 70 C in passivated aluminum, stain.iess-

steel, and nickel centainers.

The present program consiste of an engineering evaluation of INTG, which
is NTO contsining 1 to 3 weight percent FN02. INTO is being evmluated
with respect to corrosion properties ut ambient temperature and at 70 C,
long-term (20 mouth) storability at the same temperatures, conductivity
a» it way relate to galvanic corrosicn, vapor pressure and solubility of
FNO, in NTO, and freezing points of INTU solutions. In addition, analyti-
cal~cheu1cal methods have been developed for the analysis of INTO and of
NTU (Ref. 1 and 2). The results of the program to date are presented in

the following sections.
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CORROSIVITY TIBTS

SUMMARY

Corroaivity teats are being conducted on six ferrous alloys and five
aluminum alloys (Table 1) iu five different propellant compositions. To
aate the 3C0-dsy ambisnt tests have been completed and the 20-morth ambient

tests are in progress for the following compositions:

1. Dry NIO
2. Wet NTO
3. Dry NTG + FNG, (1NTO)

% Dry NTO + HF

The 30-day and 20-moath teats with wet NTO + FN02 have been delayed be-
cause of difficulties with the vacuum line used for loading. Problems

are carrently being resolved, and loading should commence shortly., The
3C-day highk temperature test bombs are currently being assembled. Pre-
liminury reevlts of the study have been promising. NIC with FNO2 apparently
forms a white passivation layer on aluminum alloys. Control tests show

that this layer is not caused by HF in snlution. The 30-day, high-
vemperature end 20-month ambient-temperature tests will have to k< com-

pleted before rcliabile conciusions can be drawn.

PROCEDURE

Evaluation of Tests

All corrosion tests are evaluated in the same manner to ensure a common
basis of comparison. An overall observation of the specimens, including
the taking of color photographs, is made immediately upon removal from
the test bomius. The alloys which have been obviously affected by exposure
o the oxidicer are noted. Weights of each specimen are then taken to

determine the absolute and percent weight chenge. The specinens are the.
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TABLE 1

ALLOYS BEING SUBJECTED TG CORROSIVITY TESTING

Iron Alloys Aluminum Alloys
304 Stainless Steel 6061-T6
316 Stainleas Steel 7075-T73
321 Stainless Steel Tens 50
440 C Stainless Stieel 2014-T6
AM 350 SCT 2024
1018 Carbon Steel Welded samples
Welded Samples

photomicrographed at 15X magnification. Observations on the surface con-
dition of the specimens are made by a comparison of the photomicrograph

of the exposed specimen to a photomicrograph of a control specimen. Photo~
micrographs of two ferrous and twoe aluminum alloys with controls are pre-
sented in Fig. A-1 through A-9 of Appendix A. The unexposed specimens

are presented photographically in Fig. A-10 and A-11.

Selected representative samples are then cross-sectioned, polished, and

photomicrographed at high magnification te inspect for intergranular cor-
rosion. No high magnification photomicrographs h.ve yet been taken, be-
cause all tests at a given temperature -mst be concluded before the most

representative samples car be selected.

Unloading of Test Bombs

Unloading procedures were set up to preserve the condition of the specimens
as they were upon removal from the test boemba. The initial unloading pro-
cedure was used for the wet and dry NTO tests with both aluminum and
ferrous alloys. After dumping the liquid from the test bombas, the coupon
strings were rapidiy placed in a glove bag (portable plastic bag with
attached gloves) through which a dry gaseous nitrogen purge was run.

When the strings of coupona no ionger showed signs of degassing NTO,

4




they were removed frem the glove bag and given three rinses: methanol,
50-percent methanol/SO-percent water, and water. The purpos. of the
rinses was to remove any residual nitric acid which would continue to
corrode the specimens, The specimens were then removed from the strings,

blotted dry, photographed, and weighed.

A second procedure was developed for the removal of the aluminum specimens
from the dry INTO test bomb, Modifications were made to preserve the
anticipated passivation layer. After dumping the liquid, a dry gaseous
nitrogen purge was run through the bomb. The bomb with the specimen
stringer inside was placed in the glove bag where the stringer was then
removed. The specimens had a thin white passivation layer. One specimen
was removed and weighed. It appeared to be losing weight. After approx-
imately 1.5 hours exposure to the atmosphere, the layer disappeared.
After 2% hours in the glove bag, the remaining samples showed significant
passivation layer loss. It was apparent that a more inert atmosphere
than that available in the glove bag was required for preserving the

passivation layers.

All tests subsequeni to the aluminum alloys in dry INTO were opened in
a dry box through which a moisture free gaseous nitrogen purge is run.
This will be the procedure in the future. The dry box is approximately
4 by 3 by 3 feet with an antechamber which enables hardware to be placed
into and removed from the box while maintaining an inert atmosphere.

A Mettler balance was placed in the box enabling the weighings to be
made in an inert aimosphere. Fxcept for the dumping of {he liquid in
the bombs and the ghotographing of the specimens, all work is performed
in the div box. An attempt will be : de to premerve the passivation
layers by sealing the specimens in Saran Wrap packets upon removal from
the dry box. This unloading procedure has proved satisfactorv with the
dry NTO + HF test bombs and the ferrous specimens in the dry INTO test
bomb.




TEST RESULTS

Wet and Dry NTO Tests

The ferrous and aluminum specimens exposed to wet and dry NTO were, in
general, only very slightly corroded if affected at all. The only two
alloys which weie consistently affected by exposure were 1018 carbon
steel and 440C stainless steel. Both were slightly discolored upon re-
moval from solution (Fig. A-12 and A-13). The 1018 carbon steel showed
increased rusting after the three rinses. Visual observation revealed
that none of the aluminum alloys appeared affected {Fig. A-14 and A-15).
A yellow pcwder was observed on the aluminum and ferrous alloys in both
.ti-*ions. Samples of this powder were taken and were analyzed by
emission spectrographic analysis. Results of these analyses are pre-
sented in Table 2. Because iron is a major constituent even in the
aluminum test sample, it is believed that the source of the iron is not
from the test bombs but from the container used for storing the NY0 be-
fore loading. Several of the other elements are stainless-steel con-
stitutents. These could come from the test bombs or, more likely (because
they are present in the aluminum test sample), from the pretest storage

container.

Each specimen was weighed before and after testing. The weight changes
presented in Tables A-1 through A-4 are averages based on four samples
of each alloy (one welded and one nonwelded in wane vapor and liquid
phases). The only exceptions to this averaging of four samples are for
10 2024 and 7075 aluminum alloys (one nonwelded sample in each phase)

or vhere otherwimse noted in the comments. Most of {lie weight changes

in Tables A-1 and A-2 are not really significant relative to the probable
errers incurred during handling and reweighing the specimens after the
tests. The weight changes are valid to approximately *0.0002 gram.

This represents approximately 20,0009 and 20.023 weight percent for the
ferrous and aluminua slloys respectively. Of the 22 averages in

Tables 1 and 2, 17 are within this range. There are 8 weight increases

and 11 weight decreases which again show & random scatte:. 1in the data.
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TABLE 2

EMISSION SPECTROGRAPHIC ANALYSES OF NT( TEST RESIDUES

Major Minor Minor-Trace Trace

Teat Constituents | Constituents | Censtituents | Constituents
Dry NTO, Fe _— Cr, Al, 81, r
30-Day Ambient, Mg, Ni, Mo,
Ferrous Alloys Cu, Ti, Na
Wet NTO, Fe, Cr Ni, Cu - Mn, Ti, Mg,
30-Day Ambient, Zr, Al, Si
Ferrous Alloys
Wet NTG, Fe Cr, Ni, Cu 8i Mn M-. Zr,
30-Day Ambient, p Al
Aluminum Alloys ~

Comments on the surface condition of the specimens made from comparison
of phstomicrographs of control and exposed specimens ere presented in
Tables A-5 through A-8. Samples of these photomicrographs are shown in
Fig. A-1 through A-9. Because the interpretation of thke photomicrographs
is inherently subjective in nature, observativaus were made by two people
independently, and the comments made are a compilation of these observa-
vions. Although observations were made on photomicrographs of two speci-
mens in eech phase, in Tables A-5 through A-8 the obaervations have been
preseanted as vapor- and liquid-phase comments, because in almost all
cas2s the weldezd and nonwvelded samples exhibited the same effect in a
given ;uase. Most of the comments in Tables A-5 and A-6 express minimal
svrface attack or no effect at all. These comments substantiate the in-
significant corrosion (if any) reflected by the weight changes discussed

abo.e,

The corrosive effect of wet and dry NTO on aluminum and ferrous alioye

is not strong enocugh to show up during a 30-day amhient test. It is

anticipated that the effect vill appear during the 30-day., high-temperature

(70 C) tests and especially the 20-month ambient tests. The corromivity
of NTO should appear with certain alloys in the form of significant weight
changes in a given direction. Photomicrographs should shov more distinct

surface attack.
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Dry INTO Tests

The results of the dry INTO test with aluminum alloys are most promising
in ithat an obv.~us white passivation layer was formed on all specimens

in both phases. The ferrous specimens in dry INTO showed no such layer.
The oniy observable eftect with the ferrous specimens was a discolqring
of 1013 carben steel and 440 C stainless steel alloys in both phases
(¥1g. A-16). Although the results of the aluminum test are promising,
the test will have to be repeated for two reasons: (1) infrared analysis
showed that there was no FN02 present in the bomb when it was opened

(it was later determined that this was caused by a leak in the vapor end
of the bemb), (2) the passivation layers reacted while in the glove bay
yvielding no photomicrographs and questionable weight changes. When the
Ltest is repeated, the bomb will be opened in the dry box enabling weights
to be taken in an inert atuosphere. The specimens will be enclosed in
Saran Wrap packets when remuved from the dry box, and photomicrographs
will be taken through the protective packeta. Samples of the passivation

layer will be analyzed for both cations and &anions.

Al! test bombs .ith dry INTO have shown a decrease in FN02 concentration
in the liquid phase with time. The 30-day ferrous alloys test had an
initial FNO, concentration (in the liquid phase) of 4.4 mole percent.
This had dr;pped off to 1.6 percent after 3-1/2 weeks. The 30-day
aluminum alloys test initielly had a &.b-percent FNOQ concentration,
This had dropped off to O after 4 weeks {because of a leak in the homb).
The 20-month Aluminum alloys test started with 5.3 percent FNO,,. Aiter
3-1 2 weeks, the concentration was (.9 percent, and after av;ks 1t had
dropped off to O. FNO, was recently added to this 20-month homb to Lring
the concentration back~up toe 3.8 percent. The 20-month ferrous allovas
test has shown a decrease from 5.3 to 1.3 percent' over =& h—veckrpnried.
The decrease in FNO, concentration is caused by the passivation of the
samples and teat bo;bs. It is anticipated during the 20-monih tests
that the FNO, concentration will be constant after compieie passivaiion
of the bomb ;nd samples has occurred. This passivation phencsencs is
consistent -.th the reasults obtained during the storability tests

{Ref. 2).




Taole A-3 presents the average weight changes for the dry INTO tests.
Although the aluminum weights vere taken after some passivation layer
loss had occurred (about 5 hours after unloading), it can be seen that
the weight increases are still much greater than those of any other test

completed. The weight changes of the ferrous specimens are not nearly

as great as the aluminum specimens, but they ar~ all positive and are

all greater than the probable weighing error. These increases are probably
caused by slight passivaticn layers as substantiated by the comments on

the photomicrographs preaented i~ Table A-7.

Dry NTO + HF Tests

The ferrous and alumjoum alloys exposed to dry NTO + HF exhibited slight
weight increases probably caused by the formation of very thin surface
layers. The three alloys which showed obvious surface and weight changes
are TENS-50 aluminum, 1018 carbon steel, and 440 C stainleas ateel Fig. A-17
and A-18 and Table A-4. The aluminum specimens did not exhibit an apparent
passivation layer as did the specimens in dry INTO. Except for 304 C
stainless steel, the ferrous gpecimens showed greater weight inCreases in
NTO + HF than in dry INTO. The comments on the aluminum specimens

(Table A-8) when compared to the weight changes (Tahle A-4) seem to imply
that the layers formed on the aluminum specimens are ejther very thin

or trensparent. It would seem that more affirmative observa.ions of

surface layers should go with the given weight increases.

CONCLUSIONS

The moet significant result to date is that dry INTO forms a relatively
heavy passivation layer on aluminum alloys. The results of the dry
NTO + HF test support the fact that this layer is caused by PN, in

solution and not HF. None of the ferrous alloys exhibited cbrvious




passivation layers. Of the ferrous alloys tested, 1018 carbon steel and
440 C stainless steel wvere consistently most affected by exposure to the
propellant compositions. Other tests must be completed before reliable

conclusions on the corrosion inkibition of NTO by E’N02 can be drawn.




STORABILITY TESTS

The storability of INTO at 70 C is being investigated in aluminum, stain-

less steel, and nickel bombs. The tests have been in progress since

1 March 1966. No change in PNO2 content was detected, on 29 April 1966
or on 20 May 1966. Sampling is now being performed on a bimonthly basis.
Analysis is by calibrated infrared spectrophotometry (Ref. 2).







FIELy PREPARATION OF INTO

One of the most promising aspects of using FN02 as an additive in NTO

has been the possibility of forwming PN02 in the field by the reaction
of F, with NT0. During the past quarter this poasibility has been in-
vestigated un a bench scale with complete success. No major difficulties

are anticipated in further scaling up the operation.

FXPERTMENTAL

A l-liter passivated Hoke cylinder was loaded with 112G grams {750 C) of

liquid N2Oh' Provisions were made for the withdrawi of liquid sampies

and of samples of the gas above the liquid as well as measurements of
pressure (Matheson SS gage 23538-1) and temperature (Tew-Tron thermocouple
U-T2) changes (Pig. 1). The gaseous fluorine was stored in a 500-cc Hoke
cylinder reservoir at 50 .» 60 psig and was bubbled through the ligquid
NQOQ in small ‘ncrements by means of the pressure d:f{ferential. The de-

tails of the adc . tion arc summarized in Table 3.

Througuout the whole experimen: ‘he reaction vessel was agitated ipter-
mittently to insure thorough mixing and reaction. The only warming ob-

served waas when the F_ wea- «.s. ., wurough rapidly during steps No. V.,

9
VI, acd VIII. An ove;all 5 C temperature rise, corresponding to the
change in ambient temperature during the experiment, was noted. The
heaiing was only observed at the top (! the resction vessel above the
liquid phase. The thermocouple did not shdw anv ilemper.iture rise in the
liquid phase. In{rared zawmpiing indicated that aome FNO wvas also foraed,
towards the end of the cxperiment. A total of approximately I7 grems of
F2 was pasaeg through er into the liquid xzou. At the end of the add:-

tion infrared analysis of the liquid phase by expansion of a portion eof

the liquid into an infrerea celi indicated the presence 2.9 mole percent

FBOQ.
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Figure 1. Field Preparation of INTO
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CONCLUSIONS -

The experiment showed that appicximatcly 8.5 of the 17 grams of fluorine
added were used either to completely passivate the sysiex and to react
with ar; moisture in the Néoh itself or were vented during the addition.
The procedure adapted near the end of the experiment showed that a fairly
rapid addition of fluorine to nitrogen tetroxide could be made without
excessive heat resulting. Occasional venting may be desired to remove
small amounts of oxyzen formed from the reaction of fluorine or FNO2 with
any water present in the NTO.

16




GALVANIC CORROSION

SUMMARY

System compatibility is dependent on factors beyond the simple corrosive
effects of the propellant on the individual materials of construction.
One of the most important interestions is galvanic corrosion between dis-
similar metals exposed to the propellant. The electrical conductivities
of dry NTO (< 0.01 weight percent H20), wet NTO (> 0.10 weight percent
H20), and of dry NTO + HF (0.3 weight percent} have been previocusly re- o
ported (Ref. 1 and 2). The conductivities of INTO made from dry and

wet NTO are reported in the following paragraph. While there is no

exact correlation between conductivity and galvanic corrosion, the data
obtained here will help determine the necessity of later direct studies,
because more conductive solutions have a larger tendency to exhibit this

type of corrosion phenomenon.

EXPERIMENTAL

The conductivities of INTO made from wet (> 0.1 weight percent H2O) and
dry (< 6.1 weight percent HOO) NTO heve been measured. They were found
to be 3.4 and 4.0 x 107! ohm™}

ohm™ cm—l, respectively.

CONCLUSIONS

Because of the low conductivities measured for the INTO soiutionsg, it

is not anticipated that galvanic corrosion will be more of a problem
with INTO than it is ..ith NTQ,
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VAPOR PRESSURE AND FREEZING POI:T

ST™MMARY

Work has been initiated to determine the vapor pressures and freezing

points of INTO solutions containing verving quantities of FN02 and to

determine the vapor pressure of pure FND2. The spparatus for this work
has been previously described {Ref. 1). No final data are yet available
because of problems encountered in obtaining comnlete passivation. The
apparatus has been repassivated with FNO, at 30 psia and no further dif-

ficulties are anticipated.

EXPERIMENTAL
The technique of operation is as follows:

1. Load the bomb with an INTO selution

2. Measure the FVOQ conceniration in the liquid phase

3. Allow 3 hours for equilibration ut each operating temperature
4. Measure tlie vapor pressure at each temperature

5. Cool the solution at a constant rate

¢. Graphically record the measured internal temperature of the

bomb against the rate of cooling

Determine the freezing point by observing the point of the

discontinuous change in slope of the cooling curve

8. Redetermine the FNO, concentraticn

In attempts to carry out this procedure performed to date it has beern
found that the final and initial ¢ .centration measurements have not
agreed because of the bombs undergoing additional passivation at elc.ated

temperstures.

19




CONCLUSIONS

The vapor pressure and freezing point apparatus has worked as expected.
No data are yet available because of the passivation problem described
previously. A repassivation of the apparatus with 30 paia of FN02 is ex-
pected to solve this problea.

20
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FUTURE EFFORT

The remainder of the corrosivity tests will be initiated. The 20-month
storability tests will be continued. The corrosive effects of flowing
INTO on valves will be studied. Attempts will be made to determine the
efficacy of fluorine addition to wet NTO in reclaiming the out-of-
specification propellant. The vapor pressure and freezing point studies
will be completed.

21
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APPENDIX A

SUMMARY OF AMBIENT CORROSIVITY TESYTS

This Appendix has been compil~d to present & convenient summary of the

lata for the 30-day ambient corrosivity tests. Samples of photomicrographs
of four selected alloys are present.} in PFig. A-1 through A0 Figures
A-10 through A-18 show the samples as they were upon removal from the test
bombs. The weight changes of the sperimens -~re summarized in Tables A-1
through A-4. Commente on the surface condition of tu~ exposed sampies

are presented in Tables A-5 through A-8.
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Figure A-10. Ferrous Control Specimens




6061

7075 (Not Weldable)

TENS-50

2014

2024 (Not Weldable)

Figure A-11. Aluminum Control Specimens
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Alumirnm Specimens Exnased to Dry NIG for 30 Days at
Ambient Temperatuie
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Figure A-15,

Aluminum Specimens Exposed to Wet NTO for 30 Days at
Ambient Temperature
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TABLE A-1

WEIGHT CHANGES OF SPECIMENS EXPOSED TO DRY NTO
FOR 30 DAYS AT AMBIENT TEMPERATURE

Average Weight | Average Percent
Alloy Change, grams Weight Change Comments

Ferrous Specimens

304 L +0.0001 +0.006 Weight changes were approximately
equal for all specimens.

316 +0.0002 -0.010 Welded specimens exhibited smaller
weight decrsaeszes than nonwelded
apecimens.

321 +0.0001 +0.006 Liguid- and Vapor-phase welded
gpeciumens exhibited no weight
changes.

AM 350 0 0 The linuid-phase nonwelded speci-
men showed an abnormal weight !
1 change apnd was diacarded; vapor- ;
phage nonwelded and liquid-phase
welded specimerr showed no weightl
change.

440 ~0.0n02 -4, 009 The liquid-phase welded specimens
showed no weight change. The
vapor-phase welded specimen
ghowed the smallest weight change,

1018 +0.0004 +0.011 The liquid-phase nonwelded specimen
ahowed the smellest weight change,

Aluwinum Specimens

|
TENS-50 -0.0002 -0, 025 { None

2014 +0. 0001 +0, 024 The vaper-phase welded zpecimen
ehowed & large negative weight
gain whereas all others were pos-
itive. Jt was discarded in
averaging.
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TABLE A-1
(Concluded)

Average Weight

Average Percent

—— = - .__1

Alloy Change, grams Weight Change (Comments

2024 -0.0004 -0.055 The vepor-phase specimen showed
three times the weight loas of
liguid- phase specimen.

6061 -0,0005 -0,067 The vapor-phase welded specimen

| showed wuch larger weight de-

crease than others.

7075 +0.0004 +0,03%7

The vapor—phase specimen was dis-
carded hecause it showed a lerge
negative weight lose probably
caused by dirt in a machining
groove noted before the test.
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TABLE A-2

WEIGHT CHANGES OF SPECIMENS EXPOSED TO WET NTO
FOR 30 DAYS AT AMBIENT TEMPLRATURE

Alloy

Average Weight
Change, grams

Average Percent
Weight Change

Comments

304 L

316

321

AM 350

540

1018

TENS-50

+0,0002

~0.0002

-0.0002

-0.0001

-0.006

-0.00601

+0.0001

Ferrous Specim

+0.006

~-0.010

-0.01¢

-0.,027

-0.006

Ajuminum Specim

+0.019

ens

Weight changes were approximately
equal for ail specimens.

Weight changes were appro.imately
equal for al: specimens.

Weight changes were approximately
equal for all specimens

The liquid-phase welded specimen
showed no weight change. The
vapor phase-specimens showed a
weight decrease. The liquid-phase
nonwelded specimen showed a weight
gain.

The vapor-phase weight losses were
approximately four times those of
the liquid phase.

The vapor-phase welded specimen

was the only specimen to show a
weight gain. The weight loss of
the vapor-phase nonwelded specimen
was four times that of liquid-phase
specimens,

ens

The vapor-phase welded specimen
showed no weight change, The
vapor-phase nonwelded specimen
showed greater change than the
others.
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TABLE A-2
(Concluded)

Alloy

Average Weight
Change, rams

Average Percent
Weight Change

Comments

2014

2024

6061

7075

0

-0.0002

¢

+0.0002

0

+0.0.4

Nonwelded specimens exhibited a
slight weight increase., The
vapor-phase welded specimen
showed no weight change.

The vapor-phase specimen showed
significant weight leces. The
liquid-phase specimen showed no
change.

All pamples except the liquid-
phase welded specimen showed no
weighi change,

The liquid-phase specimen ghowed
weight gain. The vapor-phese
specimen showed a weight loss.




TABLE A-3

WEIGIT CHANGES OF SPECIMENS EPOSKD TO DRY NIO -« EN,
FOR 30 DAYS AT AMBIENT TEMPEHATURE

Average Woight | Average Percent
Change, grams Weight Change Comments

Sy GO0 S U N

Ferrous Specimens

304 L +(. 0011 +. 046 The weight gain of tae liquid-
phase welded specimen wag ~lightly
leas than the othy -,

316 +0.0005 +0.023 The liquid-phasc + ¢+ gains were
approximately 1.5 t. . thoge of

the vapor phase,

321 +0. 0006 +0.6G30 The vapor-phase nonwelded specimen
"exhibited approximately twice the
iweight gain of the other specimens,

AM 350 +0.0018 } +0.061 The liquid-phase nonwelded speci-
! men showed a smaller welght gain
E than other specizeus,
540 +(. 0021 +., 002 Nune
101n +2, 0020 +0, 080 !Thv welded specimena showed weight
i ; s
ithose nf the nonwelded specirmens,
i "
i Aluminum Specimens i
' TENS. "0 +0. 01~ 1726 ifnmt' !
5 : : i
; LI B EA +0, 0975 + 1, 00K INonwelded specimens exhithired o i
f i slightisy greater werght gain 1
than wetded specimens, i
11 f : E
I 20024 +0, 0050 i 1, 64t i There was appreximatels the same
' i Swelpght gaic foo all specimens,
; Cblo] +U, 0243 j +3.97 AN werght cus recordsd tor th
i irguid-phese welded sempler ot
[ i fwds exposod to omir und the pasas
[ ‘ Pivation ayer reacted, .
L ! ; :
‘ ;TuTS +00, 000t ; L0 %0y [None
i 3 l
(A S SE
i ;
E
A-2%
P |




TABLE A-&

WEIGHT CHANGES OF SPECIMENS rnXPOSED TO DRY NTO - HF
FOR 30 DAYS AT AMBIENT TEMPERATURE

Alloy

Average weight
Change, grams

Average Percent
Weight Change

Comuents

304 L

316

321

440

1018

TENS-50

2014

2024

H0b 1

+0.0006

+0. 0006

+0.0010

+0.0023

+0.0048

+0.0044

+0.0010

+0.0009

+0. 0004

+0.0005

3, 0002

U

Ferrous Specimens

+0.029

+0.025

+0.

<0,

+0.

+0.

044

080

216

191

Vapor-phase weight increases were
greater than liquid-rhase weight
increases.

Vapor-~phase weight gains were
twvice those of liquid phase.

Nonwelded specimens showed
approximately twice the weight
gain of welded specimens.

the same weight increase. Welded
specimens showed a slightly
greater weight gain,

the same weight change,

The weight gain of the liquid-
phase welded specimen was approx-
imately one-third of the others,

Aluminum Specimeus

+0.

+0.

.0

0,

125

G070

—

All weight changes were aporexi-
mately equal.

The vapor-phease welded specimen
had a slightiy greater weight
gain thap .he others.

iThe iiguld-phase speci’ i showed
a m:ignificant weight gain. The
vapor-phese specimen showed o
siight weight.

Liquid-Phase s ocimens showed a
siight weight change. VYapor-
phase spe-imena showed a s.g 10
jcant welght gsin.

‘Both spec:zmens showed approxy-

mately the same werght increase,
i -
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All specimens showed approximately .
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TABLE A-5

SURFACE CONDITYON OF SPECIMENS *XPOSED TO DHY NTo
FOR 30 DAYS AT AMBINT TIMPLHATURE

Alloy [ Phage {Comments
SR S SRk e e e ]
Ferrous Specimens
! | :
304 L i Vapor | No effect ;
| Liquid | Crazing and very slight .orrosiun of E
+
' | machining grooves i
o
316 © Vapur § No effect
‘ 1 Liquid & Very slight corrosion »f machining greove:
i
b 3 H . ~
32! I Yapor . No effect ;
| f :
i i Liquid | Very slight crazing and very sliohe cor- i
i ! . ) .
i 5 ¢ rosion of machining grooves
; | /
S t : . H
AM Z5u ; Vapor . Slight surface at-ach j g
Lo [ H
oo Liquid b Very =l gnt surface atrack S
; i ; 5
T i L .
%450 spor ! Pitting and apparent corrosion :
¢ Lrguid ¢ Suight pltting and apparent machir ng
i L ETSBOVEe COrrosion
b . L
s Do Vaper 0 Bad prtting and scalc formarien
4
| :
Polragand 0 Had tting and <calec formas o \
i ' i
‘\'l TMIFIUT el [ Mme v
e - . Uy . . : o !
LINS- e Vo CoVery wiapht o attach or e hlnoing gioonoas %
i N N
‘ Prguid Verv ssaght artavh of ool isin, zrooves i
;:i.
SV A IR AY eifoegt *g
;
: 4
Frogend \l‘.’} ciigtt o os Lt vt u “
LY Varoe: N e ffecs
i el Ne eites
Famag "\71 ! N LAY ‘
HERSLERIN <..ghe T o T
P Va;-or \ et
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TABLE A-6

SURFACE CONDITION OF SPECIMENS EXPOSED TO WLT NTO
FOR 30 DAYS AT AMBIENT TEMPERATURFE

B

AlJoy | Phase Comments z
Ferrous Specimens

304 L Vapor No effect
Liquid No effect

W L

316 Vapor No effect
Liquid No effect

321 Vapor Very alight corrosion :

Liquid Very slight corrosion and crazing

AM 350 | Vapor Very slight corrosion

Liquid Very 8! ' ght corresion

440 Vapor 8light corrosion
' Liquid Slight corrogion and spottiing

1018 Vapor Slight corrosion of machining grooves 1

Liquid Slight corrogion of machining grooves
Aluminum Specimens

TENS-50 | Vepor Pitting and slight corrosion of weld

surface
Liquid Slight pitting and surface corrosion
3

2014 Vapor Slight corrosion

Liquid Very slight corrosion
2004 Vapor Very slight corrosion on edge

Liquid Very slight corrosion
6061 Vapor Slight corrosion and slight pitting

Liquid Very slight corrosion and slight pitting
or spotting

7075 Vapor Pitting and siight corrosion

J Liovid Very slight pitting and slight corrosion
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SURFACE CONDITION OF SPECIMENS IXPOSID TO DRY NTO + FNO

TABLE A-7

2
FOR 306 DAYS AT AMBIENT THMPERATURE

Alloy

Phase Comments
Ferrous Specimens
304 L Vapor Slight surface layer
Liquid Very slight surface layer
316 Vapor No effect
Liquid Slight surface layer and spotting
321 Vapor Slight surface layer and spotting
Liquid No effect
AM 350 | Vapor Very slight surface layer
Tiquid Slight surface layer and spotting
540 Vapor Surface layer and spetting
Liguid Apparent surface layer
1018 Vapor Surfac= layer and spotting
Liquid Svrface layer and spotting. Apparent
residue on welded sample
NOTE: For aluminum specimens photographs were not taken

because passivation layers reacted with mcist at-
mosphere and Jdisappeared. The test will be rerun.

A-28
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TABLE A-8

SURFACE CONDITION OF SPECIMENS EXPOSED TG DRY NTO + HF
FOR 30 DAYS AT AMBIENT TEMPERATURE

Alloy | Phase Comments

3 %
N

Ferrous Specimens

304 L Vapor Slight surtace layer
Liquid Spotted surface layer

316 Vapor No effect
Liquid Spotting on slight surface layer

321 Vapor Siight surface layer
Liquid Spotting on slight surface layer

AM 350 | Vapor Very slight spotting on slight surface
layer

Liouid Very slight spotting on surface layer

440 Vapor Spotted wurface layer

Liquid Spotted surface layer; dense laysr on
nonwelded specimen

1018 Vapor Apparent spotting on surface layer
Liquid Spotted surface layer

Aluminum Specimens

TENS-50 | Vapor spotted passivation layer
Liquid Spotted passivation layer

201% Vapor No effect
Liquid No effect

2024 Vapor No effect
Liquid No effect

6061 Vapor Apparent aurfece crazing

Liquid Slight pas. 'vation layer

7075 Vapor Slight passivation layer

Liquid Passivation layer
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19 AGSTRACT

This program is concerned with evaluating a new storable liquid oxidizer INTO,
which is nitrogen tetroxide (NT0) inhibited with FNO;. Corrosion tests of steel
and aluminum alloys are being conducted in wet NTQ, dry NTO, and dry NTO + HF,
The tests are being conducted at ambient temperature for 30 days and for 20
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test is reported herein. A definite paasivation layer was noted both visually
and by weight change ou the aluminum samples exposed to INTO made from dry NTO.
Storability tests of INTO in stainless-steel, aluminum, and nickel containers at
70 C have now been in progress for & months with no apparent change in the com-
position of the propellants, INIO has been prepared by bubbling Fy through
liquid-propellant-grade NTO at ambient temperature, The reaction proceeded
smocthly ard no difficulties are anticipated in scaling up the operation. The
conductivities of INTO prepared Ir?T wet_qnd d{y NTO have been measur .d. They
were found to be 3.4 and 4.0 x 107°° obm ~ cm” It is not ancicipated that
INTO will present more galvapic corrosion problems than does NI0. Measurements
of the vapor pressures and freezing points of INTO solutions have been
initiated. (U)
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